Background. This study examined if and how sociodemographic differences in colorectal cancer (CRC) screening uptake can be explained by social cognitive factors. Methods. Face-to-face interviews were conducted with individuals aged 60-70 years ( = 1309) living in England as part of a population-based omnibus survey. Results. There were differences in screening uptake by SES, marital status, ethnicity, and age but not by gender. Perceived barriers (stand. = −0.40, < 0.001), social norms (stand. = 0.33, < 0.001), and screening knowledge (stand. = 0.17, < 0.001) had independent associations with uptake. SES differences in uptake were mediated through knowledge, social norms, and perceived barriers. Ethnic differences were mediated through knowledge. Differences in uptake by marital status were primarily mediated through social norms and to a lesser extent through knowledge. Age differences were largely unmediated, except for a small mediated effect via social norms. Conclusions. Sociodemographic differences in CRC screening uptake were largely mediated through social cognitive factors. Impact. Our findings suggest that multifaceted interventions might be needed to reduce socioeconomic inequalities. Ethnic differences might be reduced through improved screening knowledge. Normative interventions could emphasise screening as an activity endorsed by important others outside the immediate family to appeal to a wider audience.
Introduction
Colorectal cancer (CRC) screening using a guaiac-based faecal occult blood test (gFOBt) lowers CRC mortality by up to 25% among those who participate [1, 2] . The National Health Service (NHS) Bowel Cancer Screening Programme (BCSP) sends all age-eligible (60-69, recently extended to 74) men and women living in England a free home-based gFOB test every two years, usually starting from their 60th birthday. Patient data from General Practitioner (GP) lists are used to approach eligible adults, so over 95% of the national population in the eligible age range is invited [3] . The test involves taking three stool samples and returning the kit to the laboratory in a freepost envelope. Despite the lack of financial barriers to screening, low and socially unequal uptake has been a persistent public health concern since the screening programme was introduced in 2006 [3, 4] .
Socioeconomic status (SES) has consistently been associated with CRC screening uptake across healthcare systems [5, 6] . For instance, uptake of first-time screening invitations in England ranged from 35% in the most deprived quintile to 61% in the most affluent quintile of areas in the country [3] . Ethnic differences in CRC screening have also been frequently observed and appear to be independent of or only partially explained by other sociodemographic factors [7] [8] [9] . Although first-time gFOB test uptake is around 8% higher among women than men, gender differences in uptake are less persistent over time than SES effects [4, 10] . Being married has been related to higher uptake of other CRC screening modalities [11, 12] , although few studies have examined the role of marital status in the context of gFOBt screening specifically [13] .
In parallel with studies of the sociodemographic patterning of CRC screening behaviour, psychological models, such as the Health Belief Model (HBM) [14] and Theory of Planned Behaviour (TPB) [15] , have been used to investigate social cognitive factors such as attitudes, knowledge, social norms, and perceived barriers to screening [5, 16, 17] . Social cognitive factors are typically measured using questions about relevant beliefs and are generally viewed as more proximal and modifiable determinants of behaviour than sociodemographic factors [18] . Social cognitive factors would therefore be expected to mediate the association between sociodemographic factors and health behaviours [15] .
General attitudes towards CRC screening in the population have been found to be very positive [19] . Nevertheless, there is relatively low awareness of CRC as a common cancer [20] . Misconceptions about the purpose of CRC screening, such as the belief that screening is only needed if one has symptoms, are also commonly reported among nonresponders to screening [21] [22] [23] . The disgust, embarrassment and practicalities of stool sampling are well-documented barriers to gFOB screening [21, [23] [24] [25] , and difficulty overcoming such perceived barriers is another common reason given for not taking part in CRC screening [13] . Furthermore, social norms have also been consistently related to CRC screening [16] . Due to the home-based nature of the gFOB test and the lack of direct contact with health professionals, it is plausible that any normative influence from nonmedical sources might be particularly relevant to CRC screening in the organised screening programme in England.
Although a framework has been developed to summarise potential social cognitive mediators of socioeconomic inequalities in screening uptake [26] , few studies have empirically examined these pathways using mediation modelling. One study examining CRC and prostate screening in men showed that sociodemographic differences in screening uptake were largely attributable to the TPB-based social cognitive constructs (attitude, perceived norms, and perceived behavioural control) [27] , but none has explored the specific pathways through which each sociodemographic variable affects uptake. Understanding these social cognitive pathways may help the development of effective and targeted interventions to reduce sociodemographic inequalities in cancer screening.
In this study, we aimed to explore social cognitive mediators of sociodemographic differences in gFOBt screening uptake in England. The objectives were to explore the associations between sociodemographic factors and gFOBt uptake in a cross-sectional dataset and to test mediation models exploring potential social cognitive mechanisms underlying sociodemographic differences in uptake, with a view to developing hypotheses to test in future prospective studies.
Methods
The data were collected as part of a TNS Research International population-based omnibus survey conducted in Great Britain between January and March 2014. Each week, up to 4000 people (aged 16+) are interviewed for the omnibus survey. The TNS omnibus survey defines sampling points using 2001 Census small-area statistics and the Postcode Address File (stratified by social grade and Government Office Region) for random location sampling selection. Response rates are not recorded. However, at each location, quotas are set for age, sex, children in the home, and working status to ensure a sample that reflects the demographic characteristics of the national population. Survey respondents were asked to take part in face-to-face interviews using computer-assisted personal interviewing (CAPI) on a voluntary basis. Only respondents aged 58-70 were included in the section of the omnibus survey about cancer screening.
Participants.
Responses were collected from 1568 men and women living in England aged 58-70 years with no CRC history. One hundred eighty-seven respondents were excluded from the present analysis because they were aged between 58 and 59 and therefore not yet eligible for CRC screening at the time of the interview, leaving 1381 eligible respondents. This ensured that the included respondents should have been invited for CRC screening through the organised national programme, regardless of whether they remembered having been invited or not. Seventy-two respondents (5%) who had missing values (i.e., "refused" or "don't know") for the outcome variable "screening uptake" were also excluded. The final sample included 1309 respondents (95% of those eligible).
Measures
Screening Uptake. Respondents were asked if they had ever been invited to do a stool test for the NHS BCSP. If they had been invited, they were asked further questions about how many times they had been invited and how many times they had taken part. Self-report of not having been invited is likely due to reasons other than truly not having been sent a screening invitation (e.g., not remembering the invitation) because included respondents were eligible for screening through the national CRC screening programme in England. A dummy variable for screening uptake therefore coded respondents as nonresponders (not invited OR no test kits completed) or ever responders (≥1 test kit completed).
Social Cognitive Factors. Social cognitive measures were informed by previous literature on CRC screening uptake and social cognitive models of behaviour. Belief in the usefulness of asymptomatic screening [21] [22] [23] was measured in lieu of general attitude towards screening due to known ceiling effects in screening attitude [19] . An injunctive norm measure (i.e., what other people think one should do) and a descriptive norm measure (i.e., what other people do themselves) were included to be consistent with the social norms literature [28] . Finally, the most salient emotional [23] [24] [25] and time/delay [13, 21, 29] barriers known to be associated with poorer CRC screening uptake were used as measures of the perceived barriers factor. Respondents rated the extent of their (dis)agreement with a series of belief statements on a five-point scale (strongly agree/lightly agree/neither agree nor disagree/slightly disagree/strongly disagree).
Screening knowledge was measured with the statement "People only need to take part in bowel cancer screening if they have symptoms" and was reverse-coded.
Social norms were measured using one injunctive norm statement, "People who are important to me think that I should take part in bowel cancer screening, " and one descriptive norm statement, "People who are important to me take part in bowel cancer screening. "
Perceived barriers were measured with two statements measuring the respondent's ability to overcome emotional barriers: "It is difficult to overcome the disgust related to the stool test" and "it is difficult to overcome the embarrassment related to the stool test. " A third statement was used to measure ability to overcome practical time barriers "It is difficult to get round to doing the stool test. " Sociodemographic Variables. Age, gender, marital status (married/divorced, separated, or widowed/single), ethnicity (white/ nonwhite), and SES (A/B/C1/C2/D/E) were measured. The ordinal measure of SES was based on the National Readership Survey social grade classification system which ranks people according to occupation (or previous occupation if retired): A (higher managerial, administrative, or professional), B (intermediate managerial, administrative, or professional), C1 (supervisory, clerical or junior managerial, administrative, or professional), C2 (skilled manual), D (semiskilled or unskilled manual), or E (state pensioners, casual/lowest grade workers, or unemployed with state benefits only). The occupational status of the household's chief wage earner was used to assess SES if the respondent was not working.
Data Analysis.
Screening uptake was first analysed by sociodemographic groups (Table 2 ) and by social cognitive beliefs (Table 3 ). The multivariable associations between sociodemographic variables and screening uptake were examined using logistic regression analysis (Table 2) . Sociodemographic variables that were significantly associated with uptake ( < 0.05) were included in a multivariable analysis. Bivariate associations between social cognitive beliefs and uptake were also examined with logistic regression (Table 3 ). All logistic regression analyses were conducted using Stata SE13 [30] .
Mediation of sociodemographic effects on screening uptake via social cognitive factors was then tested using Structural Equation Modelling (SEM) with MPlus 7.11 [31] . Hu and Bentler's guidelines for goodness-of-fit were used, with statistics around 0.95 and above for the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI), and around 0.08 and below for the Root Mean Square Error of Approximation (RMSEA) and Standard Root Mean Residual (SRMR) deemed as indicators of good fit [32] .
Before testing for mediation, two models were first tested to assess goodness-of-fit of the measurement model and the path model with social cognitive factors as predictors of uptake. The measurement model (Model I) of the social cognitive factors with measures grouped as described above was tested using Confirmatory Factor Analysis (CFA) ( Table 4) . As most indicators were nonnormally distributed MLM, a robust maximum likelihood estimator, was used to obtain estimates. The hypothesised measurement model showed adequate fit. The measurement model could therefore be extended into a SEM model by including uptake as the outcome variable. WLSMV, a robust weighted least squares estimator, which is the default estimator for binary outcome models in MPlus, was used for all SEM models. The first SEM model (Model II) tested for direct effects of social cognitive factors on uptake. Social cognitive factors were allowed to correlate freely with each other because they were strongly correlated and no hypotheses regarding the relationships between social cognitive factors needed to be tested. Similar to Model I, Model II had adequate goodnessof-fit statistics, indicating that all social cognitive factors had direct, independent effects on uptake as expected. Therefore, subsequent SEM models included direct paths from all social cognitive factors to uptake.
Model III aimed to test mediation of sociodemographic differences in uptake via social cognitive factors. The model included (1) direct paths from social cognitive factors to uptake; (2) direct paths from sociodemographic variables to uptake; and (3) indirect paths from sociodemographics via social cognitive factors to uptake. For the sake of parsimony, nonsignificant paths in Model III were removed using stepwise backward elimination to obtain the final model (Model IV, Figure 1 ). As in Model II, Models III and IV allowed all social cognitive factors to freely correlate with each other. Sociodemographic variables were not correlated, as they were largely independent predictors of uptake (Table 2) .
To compare Model III with Model IV, the models were first run without bootstrapping to obtain chi-square statistics for a chi-square of difference test for models using the WLSMV estimator (DIFFTEST option in MPlus). The same models were estimated again with bootstrapping to obtain robust standard errors and confidence intervals of the point estimates. Bootstrapping is recommended for mediation analysis because the method tends to have the best statistical power and Type I error control [33] . Bootstrapping with 10,000 resamplings of the dataset was used to obtain biascorrected confidence intervals.
values from the bootstrapped model estimates were reported. Standardized path coefficients are reported for the final model (Model IV) to aid interpretation of the probit regression coefficients provided by the WLSMV estimator. Standardized indirect effects of sociodemographic variables on uptake are also reported.
Results
Of the total included samples, 50.7% were men ( Table 1 ). The age range of the included sample was 60-70 with a mean age of 65 (SD = 3.2). The majority of respondents (65.0%) were married, 26.2% were divorced, separated, or widowed, and 8.8% were single. The socioeconomic distribution of the sample was as follows: 5.0% in A (the highest grade), 20.4% in B, 22.1% in C1, 18.3% in C2, 11.6% in D, and 22.5% in E (the lowest grade). Only 4.1% ( = 53) of respondents were nonwhite which reflects the low prevalence of ethnic minorities among older age groups in the national population of England [34] .
Overall, 69.4% of respondents reported having taken part in screening at least once (Table 2) . Of the respondents who had never participated ( = 401), 50.1% ( = 201) indicated they had never been invited.
Sociodemographics and Screening Uptake.
Gender was not associated with screening uptake in the sample (Table 2) . SES was associated with uptake in a graded fashion, from 59.3% in the lowest grade E to 74.2% in the highest grade A ( < 0.001). Nonwhite respondents were also less likely ever to have responded to screening invitations than white respondents (41.5% versus 70.5%, < 0.001). Single people had lower uptake than those who were married (55.7% versus 71.7%, < 0.001). The difference in uptake rates between being divorced, separated, or widowed and being married was not statistically significant (68.2% versus 71.7%, ns.). Older age was also associated with higher uptake (60-64: 62.6% versus 65-70: 74.3%, < 0.001). A multivariable logistic regression analysis showed that all significant sociodemographic predictors were associated with uptake independently of one another (Table 2) .
Social Cognitive Factors and Screening Uptake.
The prevalence of social cognitive beliefs and their association with uptake are described in Table 3 . Bivariate analysis showed that all social cognitive measures were significantly associated with uptake (all < 0.001). A CFA analysis confirmed that the measurement model had a good fit (Model I, Table 4 ). This suggests that the belief statements were related to their respective social cognitive factor (screening knowledge, social norms, or perceived barriers) as described in Section 2. All latent factors were correlated (screening knowledge with social norms: = −0.43; screening knowledge with perceived barriers: = 0.49; and social norms with perceived barriers: = −0.41, all < 0.001). A SEM model with direct paths from each social cognitive factor to uptake (and correlated latent factors) also had an adequate fit (Model II). 
Social Cognitive Mediation of Sociodemographic Differences in Uptake.
A SEM model with both direct and indirect paths from SES, ethnicity, marital status, and age showed adequate fit statistics. However, the direct paths from SES, ethnicity, and marital status to screening uptake were not statistically significant (Model III, Table 4 ). Age was the only sociodemographic variable with a significant direct path to screening uptake. A final SEM model preserved significant indirect paths from SES, ethnicity, marital status, and age to uptake and direct paths from social cognitive factors and age to uptake (Model IV, Table 4 ; Figure 1) . A chi-square difference test for the WLSMV estimator showed that the more parsimonious Model IV did not have a significantly worse fit than Model III (Δ 2 = 9.033, Δdf = 9, = 0.43). In the final model (Model IV, Figure 1 ), screening knowledge (d1), social norms (d2), perceived barriers (d3), and age (d4) had direct effects on uptake (all < 0.001). Ethnicity had a significant indirect path to uptake via screening knowledge ( 
Discussion
The present study explored social cognitive mechanisms underlying sociodemographic differences in uptake of CRC screening using gFOBt in England. Of the three social cognitive factors, perceived barriers and social norms were most strongly associated with uptake, while screening knowledge showed a weaker association. The relatively strong associations of perceived barriers and social norms with uptake suggest that changes in beliefs related to these social cognitive factors might result in the largest impact on overall screening uptake. 
Social Cognitive Mediators of Sociodemographic Differences.
Mediation of sociodemographic differences in uptake via screening knowledge, social norms, and perceived barriers was tested. SES differences in uptake were mediated through all three social cognitive factors, while ethnic differences in uptake were mediated via screening knowledge alone. Differences in uptake by marital status were primarily mediated through social norms and to a lesser extent through screening knowledge and perceived barriers. Age had a direct, positive effect on uptake and a smaller indirect effect via social norms. Overall, these findings indicate that, with the exception of age, sociodemographic differences in uptake may be largely mediated via social cognitive factors derived from psychological models such as the TPB [15] and the HBM [14] .
Mediation of Socioeconomic Differences in Screening
Uptake. The current findings also suggest that socioeconomic inequalities in screening uptake are multidimensional and are unlikely to be entirely resolved through changes in one or a few key beliefs. This study suggests that social cognitive factors derived from common psychological models are mediators of socioeconomic difference in CRC screening uptake. This extends on previous research, which has demonstrated mediation of socioeconomic differences in screening uptake via cancer-specific social cognitive constructs, such as cancer worry [35] and fatalism [36] . If our findings are confirmed in longitudinal studies, interventions may need to target a range of beliefs, including those related to perceived barriers, screening knowledge, and social norms. However, a single, well-designed intervention might be able to target several relevant beliefs simultaneously, given that they tend to be correlated. Stepped interventions which offer generic educational material and advice to all and more tailored assistance for persistent nonresponders seem a promising intervention format for this purpose [37, 38] .
Mediation of Ethnic Differences in Screening Uptake.
In line with previous research on cervical screening uptake among ethnic minority women [39] , ethnic differences in CRC screening uptake were solely mediated via screening knowledge. Awareness campaigns targeted towards specific ethnic minority groups could therefore be useful. Although the English CRC screening programme already provides written translations of their information booklet, more could be done to engage people from ethnic groups who do not respond well to written information, even if provided in their native tongue [40] .
Mediation of Differences in Screening Uptake by Marital
Status. Marital status appears to influence screening uptake primarily through social norms, possibly due to the availability of a clearly defined referent group for married people (i.e., their spouse) and by implication more salient social norms. Differences in uptake by marital status could be caused or inadvertently aggravated if normative messages focus on partners or children as a reason to take part in screening. Public communication should acknowledge that roughly one-third of the target group for cancer screening do not or no longer have a life partner or children. Other potential sources of normative messages, such as health care providers and community leaders, could appeal to a wider audience, including those without a partner or children. The overall findings for marital status suggest that a life partner can highlight the social relevance of screening as well as increasing relevant knowledge and reducing perceived barriers to screening, albeit it to a lesser extent. This is consistent with previous qualitative findings which emphasised the influence of talking about screening and being aware of one's partner's or friends' screening participation on uptake [21] .
Mediation of Age Differences in Screening Uptake.
Although age differences in screening uptake were largely unmediated via social cognitive factors in the tested model, a small indirect effect via social norms might indicate that people are gradually exposed to more positive norms as they age (although it could also be a cohort effect). This might have a positive impact on screening uptake among those who have not responded to earlier screening invitations [21] . In the present study, the outcome measure was whether respondents had "ever" participated in screening, which is likely to be associated with age, simply by virtue of the fact that older people will have received more invitations and therefore had more opportunities to participate. Future research should examine if these observed age effects on uptake also extend to other screening uptake outcomes (e.g., regular uptake over time).
Study Limitations.
The present study results should be interpreted in the light of widely discussed limitations of using cross-sectional data for mediation analyses [41, 42] . Although our findings are plausible and are consistent with psychological theory and a number of previous findings, it is essential that they are replicated using longitudinal methods in order to confirm the mediation effects. This survey provided the opportunity to explore associations in a large population-based sample, but our findings must be treated with caution and should be used to develop hypotheses for future studies.
Another study limitation was that screening knowledge was measured with a single item ("People only need to take part in bowel cancer screening if they have symptoms"). Although the measure taps into a common misconception about screening which has direct implications for screening participation, the results might not generalise to other knowledge measures. Findings regarding ethnic differences in uptake should also be replicated in studies with a larger sample of nonwhite respondents, as the ethnic minority sample was small and is unlikely to have been representative of all ethnic minority groups in England.
A final limitation is our inability to report a response rate due to the methods used by the survey company that carried out the fieldwork. Although this means that we cannot rule out participation bias, it is unlikely that attitudes to screening would have been associated with participation, as the survey was part of an omnibus, including questions on a wide range of subjects. The sampling method ensured that the demographic profile of the sample was broadly similar to the national population.
Conclusion
In conclusion, the present study has identified possible social cognitive pathways through which sociodemographic factors could affect colorectal cancer screening uptake. A range of social cognitive factors seem to be associated with socioeconomic inequalities, whereas only lack of screening knowledge was associated with ethnic inequalities. Social norms were the main mediator of uptake differences by marital status. The study findings could inform the development of hypotheses to be tested in future longitudinal studies, with a view to developing interventions aimed at reducing sociodemographic differences in CRC screening uptake.
